In the present article, a modification of Jakimovski-Leviatan operators is presented which reproduce constant and e −x functions. We prove uniform convergence order of a quantitative estimate for the modified operators. We also give a quantitative Voronovskya type theorem.
Introduction
J. P. King [7] introduced a modification of the well known Bernstein polynomials which preserve constant and the x 2 test function. This modification provide better approximation over the usual Bernstein polynomials. In addition, a modification of Szász=iirakyan operators is presented that reproduces the functions 1 and e 2ax , a > 0 fixed and also are proved uniform convergence, order of approximation via a certain weighted modulus of continuity, and a quantitative Voronovskaya-type theorem by T. Acar [13] . Many different applications of similar type of operators have studied in [7] - [9] .
In [1] , Jakimovski and Leviatan constructed a new type of operators P n by using Appell polynomials given as below; g(u) = ∑ ∞ n=0 a n u n , g(1) = 1 be an analytic function in the disk |u < r| (r > 1) and p k (x) = ∑ k i=0 a i N be the Appell polynomials defined by the identity
Let E[0, ∞) indicate the class of functions of exponential type on [0, ∞) which satisfy the property | f (x)| ≤ β e αx for some finite constants α, β > 0.
In [1] , the authors considered the operator P n :
(2) Remark 1. If g(1) = 1 in (1), we obtain p k (x) = x k k! and we get classical Szász-Mirakjan operator which is given by
B. Wood in [6] proved that the operators P n are positive if and only if a n g(1) ≥ 0 for n ∈ N. In [5] , Ciupa studied the rate of convergence of these operators. The convergence of these operators in a weighted space of functions on a positive semi-axis and estimate the approximation by using a new type of weighted modulus of continuity introduced by A.D. Gadjiev and A. Aral in [8] were studied in [3] .
Main Results
In this section, we consider the following modified form of generalization of Jakimovski-Leviatan operators
are satisfied for all x and all n. Therefore by simple computation, we get
This implies a n (x) = −x n(e −1/n − 1) (5) in other words we can write as a n (x) = xe 1/n n(e 1/n − 1)
.
Thus the operator (3) can be rewritten the following form:
Lemma 1. The moment for the operator (3) may be given as
Proof. From (5), we have
Lemma 2. If the operator E n is defined by (3), then with e r (t) = t r , r = 0, 1, 2... the moments as follows;
Lemma 3. By Lemma (2) the central moments for E n operator
are given by
Furthermore, lim
lim n→∞ n (a n (x) − x) 2 + a n (x) n = x.
A Quantitative Result
In this section, we represent the rate of uniform convergence for the E n operators. In [12] , the uniform convergence estimate for any sequence of positive linear operators were established by Boyanov and Veselinov. In [11] , Holhoş presented the following theorem: 
then, for f ∈ C * [0, ∞), we have
where the modulus of continuity is defined as:
Now, we will proof the quantitative estimate for E n operators defined by (3) which preserve e −x function:
where
Here, β n and γ n tend to zero as n goes to infinity, therefore E n converges uniformly to f.
Proof. By using the equalities (3) and (5), we get
Firstly, let take λ = 1. Using the inequality
On the other hand, since max x>0 xe −bx = 1 eb for every b > 0, we can write as
where v n = − 1 e 2/n e 2/n −1 e −2/n −1 . Therefore
By using this inequality and applying Cauchy-Schwarz inequality, we get
Choosing δ = 1/ √ n and letting
we obtain our result which was claim in the theorem.
for any x ∈ [0, ∞).
Conclusion
In this paper, it is studied the theoretical aspects of Jakimovski-Leviatan operators which reproduce constant and e −x functions. A theorem for determining uniform convergence order of a quantitative estimate for the modified operators are presented. We also prove a quantitative Voronovskya type theorem. For the following studies, the convergence of the operators by illustrative graphics in Maple to certain functions are investigated. T h i s p a g e i s i n t e n t i o n a l l y l e f t b l a n k
